SUMMARY A 5-year-old female Siberian husky that was diagnosed as an essential hypertensive was bred several times over a 5-year period, producing a colony of 39 offspring. Thirty of the 39 animals were subjected to biweekly systemic arterial blood pressure determinations with femoral arterial puncture and were placed into two hypertensive and two normotensive groups based on mean blood pressure: Group 1 (mean blood pressure, 128 ± 12 mm Hg), Group 2 (mean blood pressure, 121 ± 3 mm Hg), Group 3 (mean blood pressure, 114 ± 8 mm Hg), and Group 4 (mean blood pressure, 101 ± 9 mm Hg). Groups 1,2, and 3 had mean blood pressures significantly higher than that of Group 4 (p<0.05). Ten dogs (representatives from Groups 1, 2, and 3) were subjected to more detailed clinical testing including angiography, echocardiography, ophthalmic examination, plasma catecholamine and renin activity measurements, plasma lead and cadmium determinations, cerebrosplnal fluid examination, renal profile, and serum chemistry and hematological analysis. Five unrelated normotensive Siberian huskies were compared with colony dogs by using echocardiography. Groups 1 and 2 showed a clear but statistically insignificant upward trend in left ventricular wall thickness indexed against body weights when compared with that in Group 3 and in the unrelated five normal Siberian dogs. Thus, the only specific difference from group to group in the colony at the termination of this study was the difference in mean blood pressure. Based on these data, it is possible and likely that aging will reveal changes secondary to chronic primary hypertension. The pathogenesis of this hereditary disorder remains unknown. (Hypertension 9: 49-58, 1987) KEY WORDS * genetic hypertension • essential hypertension • blood pressure colony * catecholamine • renin • dogs B Y the 1900s, two forms of arterial hypertension had been defined: secondary hypertension, which was associated with a detectable organic lesion, and essential, idiopathic, or primary hypertension, which was not associated with an underlying pathological basis.
B
Y the 1900s, two forms of arterial hypertension had been defined: secondary hypertension, which was associated with a detectable organic lesion, and essential, idiopathic, or primary hypertension, which was not associated with an underlying pathological basis. 1 Recently, hypertension has been investigated on a worldwide basis and is believed to affect 15 to 20% of all adults.
2 Hypertension afflicts an estimated 65 million Americans, while 25 million have borderline hypertension. The annual cost of medical bills, lost wages, and lost productivity to the nation is in excess of 20 billion dollars.
In dogs, little information exists about naturally occurring hypertension, probably because it is difficult to get accurate measurements of blood pressure in the clinical situation. A few cases of primary hypertension have been reported, but no cases have been documented. 3 Secondary, noninduced forms of canine hypertension most often are associated with renal pathology. 3 The major source of information is from research using the dog as an experimental model. 4 " 10 We diagnosed a case of primary essential hypertension in a female Siberian husky (F.E. Tippett, G.A. Padgett, G. Eyster et aj., unpublished observations, 1986) . Matings between the propositus and her son and between the offspring and a hypertensive Labrador retriever have yielded a 39-dog colony with a high incidence of hypertension. The object of this report is to provide the preliminary data from clinical evaluation of this colony. VOL 9, No 1, JANUARY 1987 sis, hepatitis, and parvoviral infection. The animals within the colony ranged from 3 months to 8 years of age. Unrelated Siberian huskies were used during one phase of the experiments to help establish normal arterial blood pressure and echocardiographic values for the breed. The propositus was bred to her male progeny and produced five litters (Figure 1 ). One other litter was produced as a result of breeding the propositus to a hypertensive male Labrador retriever that was diagnosed at the College of Veterinary Medicine, the University of Pennsylvania. A number of sibling matings have taken place, further enlarging the colony to 39 animals. Fourteen of these animals have been proven to be hypertensive, with the initial detection of the syndrome occurring in animals ranging in age from 1.5 to 4 years. Thirty of these dogs underwent biweekly systemic arterial blood pressure determinations and were separated into the following four groups based on mean blood pressure (MBP): Group 1, MBP of 128 ± 12 mm Hg; Group 2, MBP of 121 ± 8 mm Hg; Group 3, MBP of 114 ± 9 mm Hg; Group 4, MBP of 101 ± 9 mm Hg. The groups were separated by at least a 7 mm Hg difference in MBP.
All colony and noncolony animals were maintained on standard laboratory dog chow throughout the study. Ten animals (4 females and 6 males) were selected for further extensive clinical evaluation because they had MBPs significantly higher than those of normal mongrel dogs and thus could be evaluated clinically without providing repetitive or known data. Several of these colony animals were maintained in homes of local residents and therefore were not continuously available. Finally, because of an intensive breeding program, many of the female dogs were often pregnant and could not be used continuously because of the possibility of hormonal influences. Consequently, only representatives from Groups 1,2, and 3 underwent extensive clinical evaluation.
Selection of Clinical Tests
Primary essential hypertension is diagnosed only after all meaningful attempts at identifying some underlying organic abnormality have been used and proven fruitless. Hence, tests aimed at determining the presence or absence of secondary causes of hypertension (e.g., renal, neurogenic, endocrine, mechanical, exogenous, and miscellaneous) were used in this study. Urinalysis, blood urea nitrogen, creatinine, serum sodium and potassium, and renal arteriogram evaluations were used to determine renal function. Triiodothyronine (T 3 ) and tetraiodothyronine (TJ, serum glucose, plasma catecholamines and renin, and serum calcium and phosphorus levels were obtained to quantitate thyroid gland, adrenal gland, and parathy- roid gland function. Cerebrospinal fluid pressure was measured, and cerebrospinal fluid cellular types were examined microscopically to provide information concerning central nervous system function. Ophthalmic examinations also were used. Left ventricular angiocardiograms with radiography, serum triglycerides and cholesterol levels, and direct arterial blood pressure techniques were used to detect mechanical interference with blood flow. Lead and cadmium levels were determined to exclude these exogenous causes of hypertension. Finally, hematological profiles such as hematocrit, red and white blood cell counts, and total protein and platelet counts were used to explore the possibility of miscellaneous causes of hypertension.
Ophthalmic Examination
The 10 animals were examined using direct ophthalmoscopy. The ocular media and retinas were thoroughly evaluated for abnormal findings suggestive of hypertension. These animals were examined at 6-month intervals beginning at 6 months of age.
Blood and Urine Examination
Whole blood was examined using hematocrit, white and red blood cell counts, mean corpuscular volume and hemoglobin concentration, platelet counts, and differential leukocyte counts. Serum chemical analysis included determining levels for blood urea nitrogen, glucose, total protein, albumin, globulin, alanine transferase, alkaline phosphatase, sodium, chlorine, total CO 2 , anion gap, serum appearance, calcium, phosphorus, magnesium, cholesterol, triglycerides, T 3 , T 4 , and potassium. The plasma was examined for total protein as well. The urine was analyzed for color, turbidity, pH, and calcium levels. These analyses were performed on the 10 selected animals at 6-month intervals. Standard clinical methods were used.
Blood Pressure Determinations
The systemic arterial blood pressure for each colony animal was determined by femoral arterial puncture. A 22-gauge needle was attached through a heparinized saline-filled plastic tube to a Statham P23Db pressure transducer (Hato Rey, Puerto Rico), which was in turn connected to an Electronics for Medicine DR-8 multichannel recorder (White Plains, NY, USA). These animals were conditioned in that they were handled and exercised daily by research technicians and were trained over a 2-week period to lie in lateral recumbency on a table top and allow arterial puncture with minimal restraint. This training phase occurred at least 2 weeks before experimentation.
The dogs were manually restrained in right lateral recumbency without the use of anesthetics. MBP was calculated electronically. Diastolic (DBP), systolic (SBP), and MBP with electrocardiograms were displayed on the machine oscilloscope and printed on recording paper. Heart rates, using electrocardiographic tracings, were determined before, during, and after arterial puncture to provide an assessment of the level of excitement. Since no significant differences were found between the three periods in these conditioned animals, only the heart rate during the arterial puncture was used.
Selective Left Ventricular Angiocardiogram and Renal Arteriogram
Each of the selected 10 animals was anesthetized with sodium pentobarbital, 5 ml/lb i.v. A catheter was placed fluoroscopically through the left carotid artery into the left ventricle. Contrast agent was injected, and serial radiography taken over a 5-second period. Visualization of the size and shape of the left ventricular cavity, left ventricular wall, and vascular components was possible. This catheter was passed through the aorta and placed selectively into the origin of the right and left renal arteries, and radioopaque contrast medium was injected. Abdominal radiographs were taken to enable visualization of renal vasculature.
Echocardiographic Examination
The same techniques used to condition these animals for the direct arterial puncture were used to prepare animals for the echocardiographic examination using the Echo IV System with a 2.25-MHz transducer (Electronics for Medicine).'The animals were awake and in left lateral recumbency. Echocardiograms were obtained from an anatomical window located in the region of the right ventricular apex. Measurements of left ventricular wall thickness were obtained from a recording taken immediately below the anterior leaflet of the mitral valve. Electrocardiograms were obtained simultaneously. In addition to the 10 colony dogs, this procedure was performed on five unrelated adult Siberian huskies to provide average values for this breed.
Cerebrospinal Fluid Examination
The 10 colony dogs were anesthetized with thiobarbiturate anesthesia, placed in right lateral recumbency, and surgically prepared. After flexion of the cervical vertebrae, a 22-gauge spinal needle with stylet was inserted into the cisteraa magnum. After the flow of spinal fluid was observed, a spinal manometer was attached and cerebrospinal fluid pressure was measured. Then, 1 to 2 ml of free-flowing cerebrospinal fluid was collected and evaluated cytologically.
Blood Cadmium and Lead Determination
Whole blood from the 10 animals was collected from the external jugular vein using a 20-gauge needle. These samples were placed into evacuated tubes containing EDTA tubes and submitted for cadmium and lead analysis. Each anticoagulated blood sample was separated into 100-ml aliquots and diluted with 1 ml of 0.1% HNO 3 . For cadmium analysis, an autosampler was used to directly place the solution into the graphite tube for flameless spectroscopy on a polarized Zeeman effect atomic absorption spectrophotometer (Model 180-80; Hitachi, Mountain View, CA, USA). Lead samples were first diluted 1:1 with a solution containing NH 4 NO 3 , 2 mg/ml. Ten 1-ml aliquots of this sample were drawn using a 75-second sampling procedure VOL 9, No 1, JANUARY 1987 with a maximum temperature of 100°C. Absorbances were compared with standards made from standardized stock solutions from Scientific Products (Detroit, MI, USA). Cadmium was determined at 228.8 nm and lead at 283.3 nm.
Plasma Catecholamine and Renin Activity Determination Plasma renin activity was determined on the 10 sodium-replete animals by the technique described in the Angiotenesis-I Squibb radioimmunoassay kit (New Brunswick, NJ, USA). Whole blood was collected into prechilled, evacuated tubes containing EDTA. These blood-containing tubes were then centrifuged at a temperature of 0°C. The plasma was transferred into plastic tubes and immediately placed on ice for analysis. Those samples not analyzed were kept frozen for later evaluation. Plasma catecholamine levels were obtained using the catecholamine radioenzymatic kit [ 3 H] (Upjohn, Kalamazoo, MI, USA). Blood obtained by external jugular vein puncture was collected into prechilled, evacuated tubes containing EGTA, 90 mg/ml, and glutathione, 60 mg/ml. These tubes were centrifuged at 0°C for 15 minutes, and the plasma was removed and stored at -20°C until used.
Data Analysis
Student's t test and analysis of variance were used to analyze the data. Significance was accepted at a probability level of 0.05 or less.
Results

Group Mean Blood Pressure Comparison
Direct systemic arterial blood pressures from the four groups of dogs over a 5-month period are shown in Table 1 . Individual blood pressure differences within Groups 1,2, and 3 were 7 mm Hg or less when the highest and lowest values were compared. Group 4 pressures were exceeded by Group 3 pressures by 13 mm Hg, and the range of pressures within Group 4 exceeded 7 mm Hg. There was no significant difference in age and heart rate among the four groups. The MBP, DBP, SBP, and heart rate of Group 1 were not significantly different from those of Group 2, but MBP, DBP, and SBP were significantly higher than those of Groups 3 and.4 (/?<0.05). There was no difference in these values between Groups 2 and 3, but MBP was significantly higher in Groups 2 and 3 compared with Group 4 (/?<0.05). The combination of MBPs from Groups 1 and 2 was significantly higher than the combination of MBPs from Groups 3 and 4. Two genetically unrelated, clinically normal Siberian huskies had MBP of 112 ± 3 mm Hg, SBP of 129 ± 6 mm Hg, DBP of 96 ± 4 mm Hg, and a heart rate of 91 ± 7 beats/min at 48 months of age, which placed them within the range of Group 3 pressures. Individual averages in these dogs after five trials were 111 ± 4 and 113 ± 3 mm Hg (MBP), 128 ± 6 and 131 ± 6 mm Hg (SBP), 98 ± 3 and 95 ± 5 mm Hg (DBP), 97 ± 7 and 85 ± 8 beats/min (heart rate).
Ophthalmic Examination
All 10 animals examined had normal ocular structures irrespective of the various groupings, even though the propositus was originally examined for hypertension based on ophthalmologic abnormalities (Table 2 ).
Blood and Urine Examination
Tables 3, 4, and 5 depict the findings of the various groups relative to urine, blood chemical, and hematological analyses. No obvious group differences were found; however, individual animals had values that were slightly above or below the reported normal range.
Selective Left Ventricular Angiocardiogram
The size and shape of the left ventricular cavity, left ventricular wall, and vascular components appeared to be normal in all groups. Because of the possible influence of breed differences, no absolute statements could be made about the aorta. However, one animal from Group 1, two animals from Group 2, and one animal from group 3 appeared to have slight dilatation and tortuosity of the postvalvular aorta.
Renal Arteriogram
There was no evidence of vascular abnormalities within the kidneys of these animals. However, an area consistent with an old infarct was seen in the left kidney of one animal from group 3 (Avalon) and in the right kidney of an animal from Group 2 (Folgers).
Plasma Catecholamine and Plasma Renin Activity Determinations
There were no significant between-group differences in norepinephrine, epinephrine, and dopamine levels (Table 6 ) or in plasma renin activity (Table 7) .
Ecbocardiographic Examination
Five normal adult Siberian huskies unrelated to the 10 colony animals and weighing 18 to 25 kg were examined by echocardiography to establish normal values for this breed (Table 8) . These values were compared with those of the colony animals. Left ventricular wall thickness was higher in three animals from Groups 1 and 2 than in any group 3 and the normal unrelated Siberians. Compared with values for Group 3 and the unrelated dogs, left ventricular wall thickness/body surface area was higher in five of eight animals in Groups 1 and 2 and left ventricular wall thickness/body weight was higher in six of eight animals from Groups 1 and 2. When taken as a whole, however, there were no statistical differences in these values among Groups 1,2,3, and the normal, unrelated Siberians (Figure 2 and Table 9 ).
Cerebrosplnal Fluid Examination
Cerebrospinal fluid pressure, cytology, specific gravity, and total protein were unremarkable. All values were within normal limits (Table 10) . 
3±1
Blood pressures were obtained in awake, nonanesthetized dogs by direct femoral arterial puncture. *Joker, the propositus was and is being maintained on a low salt diet and diuretics. Her values are not considered with Group 1 animals.
Heavy Metal Determination
Levels of lead and cadmium were within normal ranges. Group differences for cadmium were insignificant, and lead levels could not be detected (Table 11 ).
Discussion
This study shows the occurrence of spontaneous hypertension in the dog. A problem encountered when diagnosing primary or secondary hypertension in non- 12 was the only method found to yield consistent results. Even with this method, however, methodical and extensive conditioning is essential. In one such study of 21 conscious mongrel dogs, femoral arterial punctures resulted in a determination of "normal" values with upper limits for MBP, SBP, and DBP of 102 ± 9 , 148 ± 16, and 87 ± 8 mm Hg, respectively. 13 In our colony, Group 4 had the lowest average MBP, 101 ± 9 mm Hg, which is within the range reported in normal, conditioned mongrel dogs. Group 3 consisted largely of adult animals and had pressures similar to the unrelated unaffected Siberian huskies. Most values are means ± SD. Animals were randomly selected as representatives from Groups 1, 2, and 3. Group 2 appeared to be a distinct group, since they were clearly transitional with respect to MBP, despite the fact that MBP did not differ significantly from that of Groups 1 and 3. This "middle" (Group 2) group based on MBP data actually bridged the gap between Groups 1 and 3, similar to what is seen in borderline hypertensive humans. However, MBP in Group 1 was significantly different from that in Group 3. Group values are means ± SD. See Table 8 for key to abbreviations. Animals from thejhree groups were randomly selected and compared.
Results
Selected Comparisons of Ophthalmic Examination
•Values representan average of two recordings. tJoker, the propositus, was not included in Group 1 calculations. In human essential hypertension, heredity generally is acknowledged to play a fundamental role in blood pressure homeostasis.
14 Correlation coefficients for SBP and DBP also are known to be higher within families than in unrelated persons. 13 However, the mode of inheritance is not known in humans, and with the limited number of available animals from the several matings in the present study, we were not able to define a specific mode of inheritance. The trait does appear to be familial, as 14 of 30 related animals (propositus included) were hypertensive by our definition (see Figure 1 ). With our current data, there are no outstanding markers other than MBP that can be used to segregate these animals. The more common known causes of secondary hypertension, such as renal, endocrine, neurogenic, mechanical, exogenous, and miscellaneous abnormalities, were examined and excluded. 16 From clinical examinations, we found that the related systems were intact and functionally normal. In the absence of a known cause, the unexplained elevation in blood pressure was termed idiopathic or primary. Further breedings and studies are in progress.
After the animals had been grouped, 10 animals from Groups 1 through 3 were chosen as representatives and underwent further evaluation because of the possibility that secondary organic lesions, such as retinal hemorrhage, renal damage, and central nervous system and cardiac abnormalities, could serve to further mark the condition in dogs. The clinical evaluation and examination showed that these representatives from Groups 1,2, and 3 did not differ significantly. There were individual differences based on echocardiographic analysis but no statistical differences when the groups were compared. Differences may become apparent as these dogs age.
